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(54) DIGITAL RECORDING METHOD, DIGITAL DISK, DIGITAL DISK RECORDING DEVICE, AND 
DIGITAL DISK REPRODUCING DEVICE 

(57) A meandering groove is formed in a digital disk 
(10) by wobble signals wobbled to reproduce clock sig- 
nals. An optical head (26) reads the wobbling signals 
and an address detecting circuit (4) detects an address 
signal multiplexed with the wobbling signals. A PLL 
oscillation circuit (24) outputs a clock signal synchro- 
nized with the wobbling signals, the data are modulated 
by means of a modulation circuit (16) based on the 
clock signal and a timing signal which is generated on 
the basis of the address signal, ad the modulated data 
are recorded on the disk (10). To reproduce data, an 
A/D converter (42) converts an RF signal contained in 
the wobble signals into a digital signal and a demodula- 
tion circuit (44) demodulates the data and outputs the 
demodulated data. 
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Description 

Technical Field 

The present invention relates to a digital recording 
method, a digital disk, a digital disk recording appara- 
tus, and a digital disk reproduction apparatus, and more 
particularly, to a digital recording method for recording 
digital data efficiently onto a medium, a digital disk, a 
digital disk recording apparatus, and a digital disk repro- 
duction apparatus. 

Background Art 

The media of magneto-optical disks, optical disks, 
phase change disks, and the like are known as digital 
disks. The recording and reproduction of the disk are all 
carried out by data transfer in AC coupling. This means 
that it is difficult to record/reproduce signal components 
of the low frequency region at high efficiency with 
respect to data recorded at high density on a digital 
disk. 

It is therefore necessary to carry out modulation 
that suppresses the direct current and low frequency 
components for recording data. The recorded data 
stream includes the clock frequency components of 
recording. At the time of reproduction, the clock fre- 
quency components are extracted from the signal of the 
reproduced data stream. Self clock control is provided 
that reproduces the reference clock of the reproduction 
apparatus by the extracted clock frequency component 
In modulating digital data, self clock control must be fea- 
sible and with few direct current and low frequency com- 
ponents. EFM, 1-7 RLL modulation, 2-7 RLL modulation 
and the like are known as such modulation systems. 
RLL-modulated data is NRZI -modulated or NR2 -modu- 
lated and recorded on a medium. 

Japanese Patent Laying-Open No. 2-96982 pro- 
poses a method of preparing a plurality of pseudo ran- 
dom data streams and scrambling the data stream with 
the pseudo random data that has the smallest DSV 
(Digital Sum Variation) at the time of recording. Such an 
adaptive type modulation method that reduces the value 
of DSV is proposed. 

It is known to form a sine wave shape (wobble 
shape) having a predetermined cycle and amplitude at 
the wall of a groove in a disk medium. This wobble is 
well known by those skilled in the art as disclosed in, for 
example, Japanese Patent Laying-Open No. 7-311962. 
Address information and the like are recorded in a mul- 
tiplexed manner by this wobble. 

SUMMARY OF THE INVENTION 

A main object of the present invention is to provide 
a digital recording method of favorable digital recording 
efficiency, a digital disk, a digital disk recording appara- 
tus and a digital disk reproduction apparatus. 
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Another object of the present invention is to pro- 
pose an example of an adaptive type modulation 
method that suppresses direct current and low fre- 
quency components. 

s The present invention is directed to a digital record- 

ing method of selecting and recording modulation 
record data that has the direct current component at the 
time of recording suppressed, out from a group of mod- 
ulation record data candidates. A plurality of types of 

10 data of a predetermined number of bits are added to 
input data as initial data. In a predetermined sequence 
for every predetermined number of bits, exclusive-OR is 
taken between the current code modulation unit to be 
transformed and the code modulation unit immediately 

is preceding that current code modulation unit. By apply- 
ing a convolution process substituting for that current 
code modulation unit, a group of candidates of a plural- 
ity of types of modulation record data are generated 
from the input data. The direct current component in the 

20 recording operation of each of the plurality of modula- 
tion record data are compared with each other. Modula- 
tion record data is selected and recorded according to 
the comparison result By the invention of the present 
application, the direct current component at the record- 

25 ing/reproduction system can be suppressed with only a 
slight increase in data length. 

According to a preferable embodiment of the 
present invention, the data length n of the initial data 
added to the input data is 2^n^32. More preferably, the 

30 data length n of the initial data is 4^n^8. 

Further preferably, the data length m of the input 
data is L times (L is an integer of at least 2) the initial 
data. 

According to another aspect of the present inven- 
35 tion, a digital disk has a wobble formed. A data stream 
is formed in phase synchronization with the wobble con- 
figuration. 

According to another aspect of the present inven- 
tion, a digital disk recording apparatus writes data in 

40 synchronization with the wobble formed in a digital disk. 
A wobble signal is extracted from the digital disk. A ref- 
erence clock signal is generated in synchronization with 
the wobble signal. Data is written according to the refer- 
ence clock signal. 

45 According to yet another aspect of the present 
invention, a digital disk reproduction apparatus reads 
out written data in synchronization with the wobble 
formed in a digital disk. A wobble signal is extracted 
from the digital disk. A reference clock signal is gener- 

so ated in synchronization with this wobble signal. A repro- 
duced signal is digitised by the reference clock signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 Fig. 1 shows a magneto-optical disk according to a 
first embodiment of the present invention. 

Fig. 2 shows a portion of the magneto-optical disk 
of Fig. 1. 
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Fig. 3 shows a reproduction waveform of a wobble 
signal. 

Fig. 4 is a block diagram showing an example of a 
recording apparatus. 

Fig. 5 is a block diagram showing an example of a 
reproduction apparatus. 

Fig. 6 is a block diagram showing an example of the 
modulation circuit shown in Fig. 4. 

Fig. 7 is a diagram for describing an operation of 
the modulation circuit of Fig. 6. 

Figs. 8A and 8B are diagrams for describing an 
optimum adaptive type modulation method. 

Fig. 9 is a block diagram of an adaptive type modu- 
lation circuit. 

Fig. 10 is a block diagram specifically showing an 
adaptive type modulation circuit. 

Figs. 1 1 A and 1 1 B are diagrams for describing an 
operation of the adaptive type modulation circuit shown 
in Fig. 10. 

Figs. 12A and 12B are diagrams for describing a 
demodulation operation. 

Fig. 13 is a diagram showing the data length rela- 
tionship between initial data (Tj) and primitive data 
(input data). 

Fig. 14 is a waveform diagram showing a frequency 
spectrum. 

Fig. 15 is a diagram showing the data length rela- 
tionship between initial data (Tj) and primitive data 
(input data). 

Fig. 16 shows the frequency spectrum of Fig. 15. 

Figs. 17A-17E are block diagrams showing combi- 
nation examples of modulation circuits. 

Figs. 18A and 18B show examples of Tj arranged 
together. 

Fig. 19 shows an example of a clock mark provided 
in a linear track. 

Fig. 20 shows an example of a clock mark provided 
in a meandering track. 

Fig. 21 shows an example of a track having one 
side linear and the other side wobbled. 

Fig. 22 shows an example where the meander con- 
figuration of a track is in phase at both walls of the 
groove and land. 

Fig. 23 shows an example in which the meander 
configuration of a track is in opposite phase at both 
walls of the groove and land. 

Fig. 24 shows an example in which only one of the 
walls of the groove and land meanders in a track. 

Best Mode for Practicing the Invention 

Embodiments of the present invention will be 
described in detail hereinafter with reference to the 
drawings. 

Fig. 1 shows a magneto-optical disk according to a 
first embodiment of the present invention; Fig. 2 shows 
a portion of this magneto-optical disk; and Fig. 3 shows 
a reproduction waveform of a wobble signal. 



Referring to Fig. 1, a digital disk 10 is a magneto- 
optical disk, employing the zone CLV system (ZCLV sys- 
tem). This ZCLV system is well known, so that detailed 
description thereof will not be repeated. Magneto-opti- 

5 cal disk 1 0 has a groove formed at the surface of the 
disk. The groove is provided in a spiral manner from the 
inner circumference towards the outer circumference of 
the disk. The wall at both sides of this groove meanders 
as shown in Rg. 2. In the mastering process of the glass 

w plate to form this disk, a meander groove is formed with 
a wobble signal that is wobbled by a unitary frequency 
clock that becomes the reference in disk rotary control 
and in generating a bit dock in recording/reproducing 
data. This is called "clocking wobble". In this case, the 

75 frequency of clocking wobble is recorded so as to be in 
synchronism with the data to be recorded. In the first 
embodiment, the frequency of the clock wobble is set to 
1.1 MHz, which is 1/8 the clock frequency 8.8 MHz (con- 
stant rotary control) in data recording. 

20 The groove has an amplitude of approximately 10 
nm to 50 nm in the radius direction of the disk. Each 
track of the groove on the disk is formed of 60 zones 
radially for ZCLV control. CVL control is provided for 
each zone. In this ZCVL, control is provided so that the 

25 revolution is greater at the inner circumferential zone 
and smaller at the outer circumferential zone to reduce 
difference in the linear velocity between different zones. 
As shown in Fig. 1, the groove has a data region in 
which data is written and an address region multiplexed 

30 with the absolute address information formed on the 
disk At the wobble of the address region, address infor- 
mation is modulated beforehand using a bi-phase cod- 
ing method and the like with respect to the wobble 
signal to be incorporated as a wobble of the groove. 

35 Rg. 3 shows a wobble signal in the proximity of the 
boundary of the address region. When the information 
serving as an address mark is recorded by wobble as 
address information at the address segment area, it is 
apparent from Fig. 3 that 0 is recorded as a value of bi- 

40 phase data for the clocking wobble portion. Therefore, a 
signal which is a bi-phase-modulated version of the 
address information data is formed in wobble at the 
address region area of Fig. 1 . In the data region area, a 
signal which is a bi-phase-modulated version of the 

45 data that takes the value of 0 is formed at the wobble. A 
reproduced signal from this wobble can be used for con- 
trolling the disk rotation. 

One feature of the present invention lies in that this 
wobble is used as a reference for generating a clock ori- 

so ented to writing with respect to data that is to be 
recorded/reproduced. Another feature of the present 
invention lies in that this wobble is used as a reference 
for generating a clock for reading with respect to data 
that is to be recorded/reproduced. In other words, data 

55 is recorded/reproduced in synchronization with this 
wobble. 

Rg. 4 is a schematic block diagram of a recording 
apparatus. The magneto-optical disk recording/repro- 
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duction apparatus of Fig. 4 does not have the circuitry of 
the reproduction system depicted since only recording 
operation is described here. 

Data to be recorded (referred to as primitive data 
hereinafter) is input through an input terminal 14. This 
primitive data is modulated by a modulation circuit 16 
and provided to a magnetic head 20 via an amplifier 18 
to be recorded on magneto-optical disk 10. The process 
carried out by modulation circuit 16 includes an error 
correction coding method for error correction in repro- 
duction, an adaptive type modulation to reduce the DSV 
value, NRZ modulation (or NRZI modulation) and the 
like. 

The data recorded on magneto-optical disk 10 is 
recorded into the data region in synchronization with the 
wobble. A write timing signal therefor is applied from a 
timing controller 22 to modulation circuit 16. A write 
clock signal is supplied from a PLL oscillation circuit 24 
to modulation circuit 1 6. A wobble signal from the wob- 
ble formed in magneto-optical disk 10 is read out by 
optical head 26. The read output is provided to a matrix 
circuit 28. 

Matrix circuit 28 outputs a tracking error signal, a 
focus error signal, a RF signal, and a wobble signal 
according to the output of optical head 26. The tracking 
error signal is applied to a tracking control circuit 30. 
The focus error signal is applied to a focus control circuit 
32. The tracking control signal and the focus control sig- 
nal are returned to optical head 26. The RF signal out- 
put from matrix circuit 28 is applied to the reproduction 
system to be demodulated. The wobble signal output 
from matrix circuit 28 is applied to PLL circuit 24, an 
address detection circuit 40, and a spindle servo circuit 
34. Spindle servo circuit 34 compares the wobble signal 
with a signal from a 1.1 MHz reference oscillator 36 to 
provide control of the rotation of a motor 38, whereby 
the wobble signal and the 1.1 MHz reference signal syn- 
chronize with each other. Address detection circuit 40 
detects an address signal that is multiplexed in bi-phase 
with the wobble signal. The value of the detected 
address signal and a detection timing signal are applied 
to timing controller 22. PLL oscillation circuit 24 pro- 
vides a 8.8 MHz clock signal in phase synchronization 
with the 1 .1 MHz wobble signal. 

In the example shown in Fig. 4, data is recorded on 
magneto-optical disk 10 by the clock signal in synchro- 
nization with the reproduced wobble signal. More spe- 
cifically, the data recorded on magneto-optical disk 10 is 
written in synchronization with the wobble configuration. 

Fig. 5 is a block diagram showing a reproduction 
apparatus according to an embodiment of the present 
invention. Fig. 5 has only the reproduction system 
depicted. Only elements differing from those of Fig. 4 
will be described here. The RF signal output from matrix 
signal 28 is applied to an A/D conversion circuit 42. A/D 
conversion circuit 42 receives a clock signal for repro- 
duction from PLL circuit 24. The RF signal is binarized 
according to this clock signal for reproduction. The dig- 
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ital data from A/D conversion circuit 42 is applied to a 
demodulation circuit 44. The clock signal for reproduc- 
tion from PLL circuit 24 is also applied to demodulation 
circuit 44. The digital data is demodulated according to 
5 this clock signal for reproduction to be restored to prim- 
itive data. This process of demodulation circuit 44 is 
opposite to that of modulation circuit 16 of Fig. 4. 

In the embodiment shown in Fig. 5, a clock signal in 
synchronization with a reproduced wobble signal is gen- 
re? erated, and a data reproduction process is carried out 
by this clock signal. According to the present embodi- 
ment, a clock signal in synchronization with reproduc- 
tion data can be obtained without generating a clock 
signal from the clock component of a RF signal. In other 
15 words, recording and reproduction of a sufficient level 
can be effected without taking account of a self clock 
signal that was considered to be mandatory for conven- 
tional digital recording/reproduction. The modulation 
system of the present embodiment takes into consider- 
so ation both the issues of "self clock" and "DSV value sup- 
pression". It can be said that the conventional RLL 
modulation is no longer mandatory for digital disk 
recording/reproduction. The conventional RLL modula- 
tion has the disadvantage that the amount of data is 
25 great. For example, in 1-7 modulation [(1, 7, 2, 3) mod- 
ulation], the DSV value can be suppressed. However, 
the primitive data of 2 bits is increased to 3 bits. In other 
words, the amount of data is increased 50% by this 
modulation. 

30 As an adaptive type modulation method of the 
apparatus of the present embodiment, the data record- 
ing efficiency can be improved by employing only the 
adaptive type modulation introduced in the aforemen- 
tioned Japanese Patent Laying-Open No. 2-96982, not 

35 the typical RLL modulation. 

In the adaptive type modulation of Japanese Patent 
Laying-Open No. 2-96982, the information indicating 
the pseudo random series for demodulation is also 
recorded to send this information (information code) to 

40 the reproduction side. However, when an error is gener- 
ated in data reproduction to result in an erroneous infor- 
mation code, there is a possibility that erroneous 
propagation is generated in the entire scrambled data 
block. 

45 Since suppression of the DSV value is insufficient 
in the conventional 1-7 RLL modulation, a further mod- 
ulation method that can suppress the DSV value is 
required. However, the amount of data will be further 
increased for this purpose. In the following second 

so embodiment, adaptive modulation according to the DSV 
value can be effected with little increase in the amount 
of data. Also, modulation with lower error propagation is 
carried out. 

Fig. 6 is a block diagram of the modulation circuit of 
55 Fig. 4; Fig. 7 is a diagram for describing an operation of 
the modulation circuit of Fig. 6; and Figs. 8A and 8B are 
diagrams for describing adaptive type modulation. 

Since the demodulation circuit carries out a proc- 
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ess opposite to that of modulation circuit 16, a block dia- 
gram thereof is not particularly depicted. In the present 
embodiment, primitive data of approximately 2-K bytes 
(2048 bytes) is recorded into one data region of mag- 
neto-optical disk 10. The input primitive data is applied 
to an error correction coding circuit 46. Error correction 
coding circuit 46 divides the primitive data of Fig. 7(a) 
into units of 2048 bytes to apply an error correction cod- 
ing process on the 2048-byte data of Fig. 7(b). As 
shown in Fig. 7(c), an error correction code is added to 
be converted into data of 2400 bytes. 

This data is applied to an adaptive type modulation 
circuit 48. Adaptive type modulation circuit 48 divides 
the data of Fig. 7(c) into units of 40 bits. Initial data of 4 
bits is added to each 40-bit data of Fig. 7(d). Then, the 
data is divided for every 4 bits. The convolution process 
of exclusive-OR is applied between the 4-bit data and 
the initial data for modulation. By selecting the value of 
the 4-bit data to be added, the DSV value can be sup- 
pressed. This will be described afterwards. As shown in 
Fig. 7(f), the data of 2640 bytes is applied to a Sync * R- 
esync addition circuit 50. A Sync • Resync signal is 
added by this Sync * Resync addition circuit 50 as 
shown in Fig. 7(g). This data is recorded on magneto- 
optical disk 10 via an NRZ modulation circuit 52 and 
amplifier 18. 

The adaptive type modulation of the present 
embodiment will be described in detail hereinafter. In 
data conversion, initial data of a plurality of bits is added 
to the head of each one block data. If this initial data is 
2 bits, there are four possible types of values [00] [01] 
[10] (1 1]. If this initial data is 4 bits, the sixteen values of 
[0000] [0001] [0010] [0011] [0100] [0101] [0110] [0111] 
[1000] [1001] [1010] [1011] [1100] [1101] [1110] [1111] 
are possible. 

Thus, initial data (transform number j) of j types (j is 
a power of 2) is added to generate j pre-transform block 
data. 

The principle of conversion will be described with 
reference to Figs. 8A and 8B. For each of the j pre-trans- 
form data starting from the head transform unit exclud- 
ing the initial data, an exclusive-OR (modulo2) 
operation is performed between the current code trans- 
form unit to be transformed and the transform unit (initial 
data or transformed code modulation unit) right before 
the current code transform unit. The result is substituted 
for the current code modulation unit (convolution proc- 
ess). As a result, j post-transform data are generated. 
More specifically, for each of the j pre-transform data, 
modulo2 operation of the first code transform unit DO 
and initial data Tj is carried out to produce post-trans- 
form data D'O of the first code transform unit excluding 
the initial data. This data D'O is substituted for DO. 

Then, modulo2 operation is carried out of data D'O 
of the transformed code transform unit and the next 
code transform unit D1 to produce the next post-trans- 
form data D'1 . This value is substituted for Dl. A similar 
process is repeated up to the last code transform unit of 



that block. In data demodulation, in the order of the 
transform unit excluding the first demodulation code unit 
(initial data Tj) of the pre-inverse transform data, exclu- 
sive-OR operation is carried out between the current 

s transform unit to be inverse-transformed and the trans- 
form unit (initial data or demodulation code unit before 
inversion) right before the current transform unit. The 
obtained value is substituted for the relevant current 
demodulation code unit. As a result, post-inverse trans- 

;o form data is generated. More specifically, by the 
modulo2 operation of the first demodulation code unit 
D'O and initial data Tj, post-inverse transform data DO is 
generated, which is substituted for D'O. Then, modulo2 
operation is carried out between D'O (demodulation 

75 code unit before inverse transform) and the next demod- 
ulation code unit D'1, whereby the next post-inverse 
transform data D1 is generated. This value is substi- 
tuted for D'1. 

A similar process is repeated up to the last demod- 

20 ulation code unit of the relevant data. In data inversion, 
one immediately preceding demodulation code unit that 
is not yet inverted is used in the inverse transform of the 
current demodulation code unit. Therefore, the effect of 
an error, if any, is limited to the current modulation code 

25 unit, and will not be propagated to the subsequent mod- 
ulation code unit For example, when there is an error in 
modulation code unit D'i that is not yet inverse-trans- 
formed, only the post-inverse transform demodulation 
code unit Di and Di+1 are affected by this error. 

30 A specific manner of data transform will be 
described to provide the principle of the above process. 

Fig. 9 is a schematic block diagram of an adaptive 
type modulation circuit; Fig. 10 is a more specific block 
diagram thereof; and Figs. 11A and 11B show the 

35 processing procedure of an adaptive type modulation 
circuit. 

It is assumed that the initial data has a data length 
of 2 bits, and the primitive data has a data length of 8 
bits. The input 8-bit primitive data is [10001101]. The 

40 added 2-bit initial data includes the four types of T1 : 
[00], T2: [01], T3: [10], T4: [1 1]. Primitive data [10O1101] 
is applied to input terminal 14 of Fig. 10 to be provided 
to adaptive type modulation circuit 48. The primitive 
data is applied to Tj addition conversion circuits 54a- 

45 54d to be converted. In Tj addition conversion circuit 
54a corresponding to T1, the conversion shown in Fig. 
11A is carried out tn Tj addition conversion circuit 54b 
corresponding to T2, the conversion shown in Fig. 1 1B 
is carried out 

so The outputs of Tj addition conversion circuits 54a- 
54d are applied to recording time data series conver- 
sion circuits 56a-56d. Recording time data series con- 
version circuits 56a-56d convert the outputs of Tj 
addition conversion circuits 54a-54d into data series 

55 output to the recording/reproduction system. In the 
present embodiment, the output of Tj addition conver- 
sion circuit 54 is applied to NRZ modulation circuit 52 to 
be modulated and provided to the recording/reproduc- 
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tion system. It can be considered that the output of Tj 
addition conversion circuit 54 is provided directly to the 
recording/reproduction system in the present embodi- 
ment. The conversion process is ceased at recording 
time data series conversion circuits 56a-56d, so that the 
input is output intact. 

The outputs of recording time data series conver- 
sion circuits 56a-56d are applied to DSV value meas- 
urement circuits 58a-58d and to peak value 
measurement circuits 60a-60d. DST value measure- 
ment circuits 58a-58d obtain the DST value of the 1 0-bit 
data (primitive data 8 bits + initial data 2 bits) actually 
output to the recording/reproduction system. Peak value 
measurement circuits 60a-60d detect and hold the peak 
value of the direct current variation of the 10 bits (primi- 
tive data 8 bits + initial data 2 bits) actually output to the 
recording/reproduction system. More specifically, in the 
example shown in Fig. 11 A, DSV value measurement 
circuit 58a outputs "-4", and peak value measurement 
circuit 60a outputs "-4". In the example shown in Fig. 
11B, DSV value measurement circuit 58b outputs "2", 
and peak value measurement circuit 60b outputs "4". 
Respective outputs of DSV value measurement circuits 
58a-58d and peak value measurement circuits 60a-60d 
are applied to a select circuit 62. 

Select circuit 62 selects the Tj having a small abso- 
lute value of this peak value from, the outputs of peak 
value measurement circuits 60a-60d. When the abso- 
lute value of the peak value is identical, the Tj having a 
smaller absolute value of DSV is selected. When the 
absolute value of this DSV is also identical, either 
thereof is selected. Select circuit 62 provides this value 
of j to Tj addition conversion circuit 54. Tj addition con- 
version circuit 54 carries out the Tj addition conversion 
according to this j value. Accordingly, adaptive type 
modulation is carried out to suppress the direct current 
component at the recording/reproduction system. A Tj 
having a DSV value of "0 M may be selected by select cir- 
cuit 62. In this case, the DSV value is set as the initial 
set values of the peak hold of the direct current variation 
and DSV measurement of the next ten bits (primary 
data 8 bits + initial data 2 bits). 

In determining and providing the Tj by select circuit 
62, the outputs of DSV value measurement circuits 58a- 
58d corresponding to this Tj are provided to peak hold 
circuits 60a-60d and DSV value measurement circuits 
58a-68d to be set as the initial set values of the peak 
hold of the direct current variation and DSV measure- 
ment of the next 10 bits (primitive data 8 bits + initial 
data 2 bits). 

Preventing error propagation in the recording/repro- 
duction system will be described briefly hereinafter. 
Figs. 12A and 12B show the procedure in demodulating 
data that has been modulated by an adaptive type mod- 
ulation circuit. When the signal shown in Fig. 11A is to 
be recovered to former data via the recording/reproduc- 
tion system, the process shown in Fig. 12A is carried 
out. Even when error occurs in the recording/reproduc- 



tion system, the error will not be propagated to the 
entire block as shown in Fig. 12B. The relationship 
between the data length of primitive data and the data 
length of the initial data added thereto will be consid- 

5 ered hereinafter. 

Fig. 13 shows the data length relationship between 
initial data Tj and primitive data (input data); and Fig. 14 
shows a frequency spectrum. 

The frequency spectrum as a result of simulation of 

10 adaptive type modulation by adding initial data of vari- 
ous data length with a constant data length ratio of the 
primitive data to initial data of Fig. 13 is shown by the 
frequency spectrum of Fig. 14. In Fig. 14, the standard- 
ized frequency is plotted along the horizontal axis, 

is where f is the frequency component when the data 
series is frequency -analyzed by Fourier conversion, and 
fc is the frequency component with the highest fre- 
quency. More specifically, fc corresponds to the data 
series of (101010...), and the gain is plotted along the 

20 vertical axis. 

In Fig. 14, the signal component of the low fre- 
quency region is suppressed in the data series after the 
above-described adaptive type modulation as the gain 
in the region of low standardized frequency becomes 

25 smaller More specifically, the suppression effect of the 
direct current component which is an object of the 
present invention is increased. Data of at least 2 bits is 
preferable as the initial data for observation in Fig. 14. 
This is because DSV control is not carried out in one 

30 block by one bit. In other words, although selection is 
made from two types in the case of one bit, the two data 
only differ in opposite polarity. Therefore, adaptive con- 
trol is not substantially carried out by a DSV value by 
just one block. In the case of one bit, the initial data of 

35 the current block is just set so that the DSV repeated 
from the prior block is canceled. DSV value control can 
be carried out only from a plurality of bits. In the case of 
2 bits, selection is made from 4 types of data. However, 
considering the data with only the polarity inverted as 

40 one type, there are two types of data. Therefore, adap- 
tive control by a DSV value can be carried out by just 
one block. In the case of four bits, selection is made 
from 16 data. Considering data of just opposite polarity 
as one, there is a total of 8 types. Therefore, adaptive 

45 control can be carried out sufficiently by a DSV value for 
only one block. 

Although at least 2 bits is required as the data 
length n of the initial data, the suppression effect of 
direct current component is significant when the data 

so length is 4 bits or more, as appreciated from Fig. 14. 
However, there is no great difference in the suppression 
effect of the direct current component between the data 
length of 4 bits and 8 bits for the initial data. It is appre- 
ciated from the tendency of the simulation result that 

55 improvement in the direct current suppression effect is 
exhibited up to 32 bits of the data length n of the initial 
data. A data length greater than 32 bits for initial data 
will not provide any improvement in the direct current 
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components suppression. Only the block data length 
will be increased. Therefore, the data length n of the ini- 
tial data is desirably 3 bits or below taking into consider- 
ation the circuit complexity for the above-described 
adaptive type modulation. 

Simulation was carried out for adaptive type 
demodulation with initial data having a data length of 4 
bits added to primitive data having various data length 
m. A frequency spectrum of the result thereof is shown 
in Fig. 16. 

It is appreciated from Fig. 1 6 that the data length of 
primitive data is desirably 100 bytes (800 bits) or below 
when the length of the initial data is 4 bits. Referring to 
Fig. 16. an excessive short data length of primitive data 
results in increase in the ratio of the data length of initial 
data to primitive data. The entire data amount will be 
increased. Therefore, the data length of primitive data is 
preferably not more than approximately 1 0 bytes when 
the data length of initial data is 4 bits taking into consid- 
eration redundancy of the initial data. 

In view of the foregoing, the data length n of initial 
data and the data length m of primitive data are prefer- 
ably set so as to satisfy the following equation. 

(4 bits/800 bits) * (n/m) ^ (4 bits/80 bits) 

More specifically, 

0.005 * (n/m) =* 0.05 

Considering that the data length n of the initial data 
is preferably 4Sn^8 (bits) from the result of the simu- 
lation of Fig. 14, the data length m of primitive data 
should preferably satisfy the following equation. 

80 £ m £ 1600 (bits) 

Also, data length m of primitive data set to an inte- 
ger multiple of the data length n of initial data is prefera- 
ble from the standpoint of efficiency since the operation 
of modulo2 can be completed. This adaptive type mod- 
ulation may be employed together with another RLL 
modulation as mentioned before. 

Figs. 17A-17E show combinations of the modula- 
tion circuits. Fig. 17A corresponds to the example 
shown in Fig. 9; Fig. 17B corresponds to an arrange- 
ment of a RLL modulation circuit 60 provided as a pro- 
ceding stage of adaptive type modulation circuit 48 of 
Fig. 1 7; and Fig. 1 7C corresponds to an arrangement of 
an NR2I modulation circuit 70 instead of NRZ modula- 
tion circuit 52 of Fig. 17A. Fig. 17D corresponds to an 
arrangement of RLL modulation circuit 60 as a preced- 
ing stage of adaptive type modulation circuit 48 of Fig. 
17C; and Fig. 17E corresponds to an arrangement of 
exchange of adaptive type modulation circuit 48 and 
RLL modulation circuit 60 of Fig. 17D. 

When the present invention is applied to a conven- 
tional disk, the arrangement shown in Fig. 1 7E is prefer- 



able. According to the arrangement of Fig. 17E, the 
DSV value must be measured taking into consideration 
RLL modulation circuit 60 and NRZI modulation circuit 
70 in selecting Tj by adaptive type modulation circuit 48. 

5 However, since the self clock component generated at 
RLL modulation circuit 60 is provided to the record- 
ing/reproduction system without being destroyed, both 
self clock recording and current component suppres- 
sion can be achieved reliably. 

70 In the previous embodiment, the convolution proc- 
ess is carried out from the beginning in the units of the 
data length n of the initial data. However, an arbitrary 
order may be taken. 

Figs. 18A and 18B show an arrangement of Tj 

is together. 

Figs. 19-21 show examples having a clock mark of 
low frequency provided instead of the continuous wob- 
ble shown in Figs. 1-3. Particularly, Fig. 19 shows an 
example of a linear track, wherein a clock mark of a 

20 cycle of w1 and a width of w2 is inserted. Fig. 20 corre- 
sponds to a meandering track; and Fig. 21 corresponds 
to a track having one linear side and another meander- 
ing side. 

Fig. 22 corresponds to a track having a meander 

25 configuration of the same phase at both walls of the 
groove and land; Fig. 23 corresponds to a meandering 
track of opposite phase at both walls of the groove and 
land; and Fig. 24 corresponds to a track of a configura- 
tion where only one wall of the groove and land mean- 

30 ders. Each embodiment of the present invention can be 
applied in any of such cases. 

According to the present invention, the direct cur- 
rent component at the recording/reproduction system 
can be suppressed with only a small increase in the 

35 data length. Since the reference clock signal is obtained 
from a wobble signal, data modulation for self clocking 
does not have to be considered. Furthermore, data can 
be recorded /reproduced to or from a digital disk at high 
efficiency. A digital recording apparatus with little error 

40 propagation and fine suppression of direct current com- 
ponents can be provided. 

Claims 



45 1. A digital recording method for selecting and record- 
ing modulation record data that has a direct current 
component of recording suppressed out from a 
group of modulation record data candidates, com- 
prising the steps of: 

so 

adding a plurality of types of data of a predeter- 
mined number of bits as initial data to input 
data: 

applying a convolution process by performing 
55 an exclusive-OR operation between a current 

code modulation unit to be transformed and a 
code modulation unit immediately before said 
current code modulation unit in a predeter- 
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mined sequence for every of said predeter- 
mined number of bits and substituting the 
obtained value for said current code modula- 
tion unit to generate said group of a plurality of 
types of modulation record data candidates 5 
from said input data; and 
comparing current components of recording of 
each of said plurality of types of modulation 
record data for selecting and recording modu- 
lation record data according to a comparison 70 
result. 



2. The digital recording method according to claim 1 , 
wherein said initial data added to said input data 
has a data length n of 2 ^ n ^ 32. 75 

3. The digital recording method according to claim 2, 
wherein said data length n of said initial data is 4 £ 

20 

4. The digital recording method according to claim 1 , 
wherein m and n satisfy a relationship of 0,005 s 
n/m ^ 0.05 where said input data has a data length 
of m bits (m is an integer), and said initial data 
added to the input data has a data length of n bits 25 
(n is an integer). 

5. The digital recording method according to claim 1 , 
wherein said input data has a data length of 80 ^ m 

£ 1600. 30 

6. The digital recording method according to claim 1 ( 
wherein said input data has a data length m which 
is L times (L is an integer of at least 2) said initial 
data. 35 

7. A digital disk having a wobble formed, wherein a 
series of data is formed in phase synchronization 
with configuration of said wobble. 

40 

8. The digital disk according to claim 7, wherein said 
digital disk is any of an optical disk, a write-once 
type optical disk, a magneto-optical disk, and a 
phase change type disk. 

45 

9. A digital disk in which modulation record data sup- 
pressed in a direct current component of recording 
selected and recorded out from a group of modula- 
tion record data candidates, 

wherein a plurality of types of data of a pre- so 
determined number of bits are applied to input data 
as initial data; a convolution process is applied for 
every said predetermined number of bits in a prede- 
termined sequence by performing an exclusive-OR 
operation between a current code modulation unit ss 
to be transformed and a code modulation unit right 
before said current code modulation unit and sub- 
stituting the obtained value for said current code 



4 

modulation unit to generate said group of a plurality 
of types of modulation record data candidates from 
the input data; and comparing direct current com- 
ponents of recording of each of said plurality of 
types of modulation record data with each other to 
select and record modulation record data according 
to a comparison result. 

10. The digital disk according to claim 9, wherein said 
initial data added to said input data has a data 
length n of 2 ^ n ^ 32. 

11. The digital disk according to claim 10, wherein said 
data length n of said initial data is 4 s n ^ 8. 

1 2. The digital disk according to claim 9, wherein m and 
n satisfy a relationship of 0.005 ^ (n/m) ^ 0.05 
where said input data has a data length of m bits (m 
is an integer), and said initial data added to said 
input data has a data length of n bits (n is an inte- 
ger). 

13. The digital disk according to claim 9, wherein said 
input data has a data length n of 80 £ n £ 1 600. 

14. The digital disk according to claim 9, wherein said 
input data has a data length m of L times (L is an 
integer of at least 2) said initial data. 

1 5. A digital disk recording apparatus forming a refer- 
ence clock for recording from a wobble signal gen- 
erated from a wobble formed in a disk. 

1 6. A digital disk recording apparatus for writing data in 
synchronization with a wobble formed in a digital 
disk, comprising: 

extract means (26, 28) for extracting a wobble 
signal from said digital disk (10), 
phase synchronization oscillation means (24) 
for forming a reference clock signal in synchro- 
nization with said wobble signal, and 
recording means (16, 18, 20) for writing data 
according to a reference clock from said phase 
synchronization oscillation means. 

1 7. A digital disk reproduction apparatus forming a ref- 
erence clock signal for reproduction from a wobble 
signal reproduced from a wobble formed in a disk. 

1 8. A digital disk reproduction apparatus for reading out 
data written in synchronization with a wobble 
formed in a digital disk, comprising: 

extract means (26, 28) for extracting a wobble 
signal from said digital disk (10), 
phase synchronization oscillation means (24) 
for forming a reference clock signal in synchro- 
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nization with a wobble signal extracted by said 
extract means, and 

binarization means (42) for digitizing a repro- 
duced signal according to a reference clock 
from said phase synchronization oscillation 5 
means. 
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